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(54) Plate reformer 

(S" 7 ) In the piste reformer, a reforming chamber (2) 
is sandwiched I y combustion chambers {>'*) so tnat neat 
transfer plates (^) aJso be sandwiched between tne 
re'cm.ng charrber and tne combustion chambers, a^d 
these three p!a:e shaped components are again san-d- 
w.oned with *ue- irtrod uc-ng chamber (7) wrtn a number 
diope-sion ho es (5a), form ng a unit a plunTity of wh.ch 
is then ved.caV ir>e-: up to form tne retorme* Tne 

pl;-;te rpf-of nvw nclinl-r, 

entrance ami >>x t of t"e re'o-m.ng chamber (2) a^d 
entrance and e>it of tne ccmtbusto.n chamber v 4 ). 
whe r em h~e ga '■> flows iri the reforming chamber aoc .n 
tne ccmoustio'" cnamoe- are oppos.te to each other, and 
a gas uermeabie parthon wall fo< pa: Itiomng each o* trie 
rem.mvng and :ne comoustioo cnambers into entmnce- 
side section a-d exit-s-ne sect: on accord ng to tne gas 
hew. as wei' as tor passing gases through during reac- 
tion. 

wherein tne reforming cnamber (2) induces 
a refonmtrg reaction section (2a) which is the entrance- 
side section oMbe reaming cnamoer partitioned by the 
partition wall (?) filled with reforming catalyst (1) and 
a neat exchange section (2b) which is the ax it- side sec- 
t'.on o* the pa: toe ned reformer and M'ed wth heat trans- 
fer component (10b 

wmle the comt ustion chambei (4) includes, 
a comoustion reaction secticn -;4a) which :s tne entrance- 
side section o f the combustion chamoer partitioned by 
toe pa'tiron wai (9; and filled with comrxistion cata" yet 
(?). and a hea* exchange section (4b\ which is the exit- 
ed- o* V-o oauhtoned comrouston cnamrer and fT-d 
wTh heat transfer component MO) 



coincide, achieving an adequate temperature of tr- 
refer med cas at tne exit 
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Description 



•>/ :.• and ex;: as crew" m - .g - :: 
ocantr-c. craw ri gs ha/e been emooyeo 
osnaced 'efcrming chance' 2 *i: ec A'l 
ata ys* " a*~d a o ate-shaoeo cr:~:\:st c 
w ' comoust 0" oata /st o s\nawe- 



Aro^a the refo r me F S wh r '~fcm introduced 4 uel 
iTo a h/droger 1 gas w-tri us'ng catalysts, relate re'orme'S 
ha. -8 conventionally been emooyed ss they a!;ow s.ze- 
r eduction and elective reformat' on by enabling a uniform 
combustion throughout sa d oomousiion chamber 

In the pncr reformers, when re'o r m;ng reacfon is 
pedormed usr-g natural gasOrd as refcm.og materia' 
gas under the existence of steam^-CY tne refcmmg 
reaction ts 



CH 4 + H, 



3H , 



2-arbon monoxide and hydrogen are produced as 
re'ormed gases during the reaction abcve Since this 
re'crming reaction is endothermic, it is necessary to sup- 
ply heat which is generated in combustion chambers t0 
reYrmmg chamber filled with reforming catalyst for 
achieving the reaction, and tnus pute reformers have 
been employed wherein reforming charmers and com- 
bustion chambers are stacked up one after another 

however, the temperature experienced during the 
reforming reaction in the reforme- is bighc than the tern - 
peaturedesirabie for operation cf n>: iten carbonate fuel 
C£l! (6C0-550°C) connected wit", the re'cmer. and thus 
the returning material gas in the refer min j chamber and 
the combustion gas in the combust on chambers must 
not flow in the same direction because if they did. the 
temperature of reformed gas at the ex t would reach 
about 800°C. making direct introducton c f the reformed 
gas to the fuel cell impossible 

Therefore a device has been consider ed wherein the 
erection of the gas flow in the reforming chamber is 
opposite to that of the gas flow in the combustion cham- 
ber so that the heat can be retrieved inside the reformer 
in order to improve heat efficiency of the -eformer 

However, simpy making the two flows epposrte to 
each ether as described aoove wood result in lowered 
temperature at the exit in both flows [because either gas 
o* which temperature is lower than fie other's inevitably 
interferes and prevents another from ach ev ng high tem- 
perature), and the too low temperature a* the exit of tne 
reforming chamber would cause part of tne reformed gas 
to be reconverted to methane due *o the reverse reac- 
tion 

T h j s p I at e r ef o ' m er s w n e r e . n th : co mb u st i c n c n a m ■ 



ct or 



r.uopc 't 



ir;!.. dn:; ::t y -q--r.} *■ to the combust;:'! 

N3 *o- rofcmirg ;5uc.r as r.aU'iY g*i: a~d stea-i 2 to 
toe -e^'mr-g ca^be-' 2. causes the b.e! F to fo.v rte 
tie comnusoo" c^amce' 4 f tuu jh t e U;soe r.ico e ir- 
on f e fue d-spersion piste 6, to be c:.mTx>st£-d o> a" A 

ec f •:-'- : IYe '■■■a' generated by the : : v, f •r me 

combfStion chamoor 4 :s acsorT>30 *: the rc-fcm: 
( "am:: e' c side by waj o* the heat f an.de r plate 1 , anc 
Deca^se of \ri aoso'tod heat the material gas \Y ic 
tne r - fore ed to mac* witfi the reformat': an catai>st l mede 

e- tnp fp tor mi no m-.^mbpr ? 

Ir the plat-? reformer described atxve. in or ie: to 
make heat exchange inside tne reformer efficient ioe 
direction of the -oformed gas flow in the reforming -: ha m ■ 
her 2 is made oopos-te to that of tne :: omousted gas ' ow 

3c n the comousti en chamber 4 /\nd also, on bo'n enfan:e 
arxd evit sidec: o' the reaction section \ of the retc- '^ng 
chambe' V filled with tne reforming crn'ai.&t 1 , as wel- as 
on bo'n -::des o* the reaction section > o* the combo don 
uhambe' f-lle- i w.th the combustion :avnlyst 3. the heat 

c^ -.'xchange secti zms V ar-d 2 w trio ut catc- ! > st. a-e prt>\, ided 
•espe::ti.tiy 

ir- a -^rT.'en'johal fuel cell power generation s>s + em. 
tne combustion temper sture exceeds the max-mum ten: ■ 
pen'iture which tne ccmbustion catalyst >".an resist when 

4C :incde e ^naus 1 on gas (emitted fror 1 '- anodei is diro-rt-y 
;orroustcvt Tf-erefc- r e in the p'ate reformer shc-wn in 
^.g 4<a; a fuel ir trt<Juctng chamte' 7 r provded 
wherem tue' F sunr)i ed thereto is ur-rf;*ml> dispersed 
throjcho; t the somoustion chambe- 4 so that un.fofm 

45 combusticn throughout the combust-on chamber an-:i 
:hu: a temperature of the combustion catalyst wmcn s 
only shphtiy f igher tnan the reform.ng tempe'ature 
;abou* &00 = C) can be uchieved 

u cvvever, prodding the heat exchange sections Y, Z 

5C on tne emfance and e:<it sides of the 'e*ormmg and the 
corYroosoon cna.mbers 2 & A increase the s : ze of f~ e sys- 
tem cue to fir space occupied by the heat exchange 
cecf on Y and z shown in Fig 4(a). causing a pr x> em 
that tne s :e r.-dudior of the whole sy.dem. can vet be 

r5 ichieved in addition. E-ince a cons dearie area r c.-er* 
acred botwee* 1 the reaction se-rtion X d the reforming 
:namber 2 a^d the reaction sect.on \\ o* combustion 
charvoer 4. a kvge d'scepancy appea-s between tne 



2 



EP 0 691 701 A1 



bm to supp j one-ay recused fo- -cfo-mmg tc tie be- 

Dee n proposed m the spec" i cat c- u-f be US patent 
5 2,8b 4. w*"-e r e.n ancoe exhaust on and cathode 
exrnustic" o> a fuel ce'l a'e introduced into a pr. .i »s* 
con-bi:stOh a"b ben an :>oe gas :oma;nod m be anaoe 
exhaustion is c^zmb' jstei.i by air contained ;r the cathode 
exhaustion to beccme a gas wb a ncr. temoe'atp/e 
when is supol ed tc the piste reform-}- so that the sensi- 
ble neat :)t the hot gas can he used for increas. ig be 
tor oeratjre of rhe oeformed gas at the exit 

However, H is system r enures a catalyst ccn:'xjstn>r 
oth-r than a reformer, making be wnole system compli- 
cate. 

'IN. trJli IJQNJ 

An object of the p esent invention is to provide a 
plate reformer which aHD-*vs con* r: 11 ably maintaining the 
mo-.t appropriate temperature of reformed gas at tne e*rt 
of a reforming chamber 

A second oojec t of the present invention is to provide 
a bate reformer which allows th:: most appropriate 
arrangement of reaction sections of reformer and com- 
bustion chamber 

A third ob,ect of the p-esent imentiem ts to provde 
a p ate refomie- wbch allows efficient heat retrieval from 
gases emitted horn tne ieact on sect onsof toe reforming 
aroo combustion chambers. 

A fourth object of the present in/erton is to provide 
a fuel cell power generation s/stem using a plate 
reamer wth a new design 

According to one aspect of tne p-esent invention, 
tncie is provided a plate reforme r wherein a reforming 
chamber is sandwichec by combustion chambers so that 
heat transfer plates also be sandwiched between the 
reforming chamber anc tne combustion chambers 
He-einabove each of the reforming and combust-on 
chambers has gas entrance and exit, such that gas flows 
in toe reforming chamber and in the combustion cham- 
be- be opposjte to each other, and a gas pe-meabJe par- 
tition wall is provtded fo' positioning each of the 
reforming and the ;ombusticn chambers into entrance- 
side section and exit-sde section according to tne gas 
flow, as well as fo r passing gases through 

The reforming cha nbe* includes 

a reforming reaction section which is the 
entrance-side section of tne reforming chamber parti- 



st on cn-moe' end f. ! ec w:th "eat 



sect or o" tne oanboneo. -efo-me r a r fo hi ec w ! *^ rea' 

a pot anc 

a heat e.<. 

t'a-foe r :cm:one n * 

Accord r i ] tc a second aspect of - e present i'ven- 
t on f.ere ;s;"rov.a-r: a p'ate refo-mer w-erer a-eform- 

trat heat transfer aires a 'so be parbwc rvrd op rweeo be 
reforming an: be combust; or- cr,am:>:;;s and tnese 
t:ree piate-snaped ccmpc r, eb.:, a r e again sandwicneG 
witn foei irtro-jocmg chamber? w:b a numbe* o 1 d'ooer- 
srcr holes fo mine a un t. a p' rf r.*!;ty 0" woch : ber ve F - 
ticaly stacked up temme a re*:-rmer ?s. a wh- : ie 

Each of be reforming a~b combustion ::namoers 
has oas entrance and eb s.bn tnaf b- gas f >vs m tne 
'forming chamber and in the combustion chamber be 
opposite to each cbe r and ?. nas pe r n-.eacoe pabtion 
wal is provided for oartiticnmg each of tne refemmg and 
be ccmbustior chambers into entrance-side section and 
e tit-side sect.on according to the gas flow as -veil as for 
passing gases b rough 

The reforming chamber includes 

a r earning reaction section whi;o is tne 
entraoce-sjde section of the reforming chamber parti- 
tioned by the partition wall filled with reiormrg catalyst, 
and 

a hea* exchange section whi;h -s the ex it -side 
section of the partitioned reformer an.i filit-o w.fo heat 
transfer component 

The combustion chambc includes 

a combusticn reaction section whph is be 
entran;e-SJde section of the combustion chamber parti- 
tioned py theparb.cn wall and bled witn combustion cat- 
alyst, and 

a hea* exchange sect : n which, is the exit- side of 
the pabticned combustion chamber and filled with neat 
transfer component 

The reforming and the combustion chambers are 
partitioned b/ the partition wall respectively, forming the 
reaction section on the entrance sde filled witn the cat- 
alyst and the heat exchange section on the ex-t sde filled 
witn the heat fansfer component in each bamoe:, allow- 
ing each reaction section to be attabed to tne heat 
exchange section o* ts neighboring chambers so bat the 
peak locations of temperature oosfobuTon prcfoes of the 
reform.ed and the combusteo gases cpnade with eacn 
ober, resibmg in an adequate temperat.re of tne 
refo-med gas at the exit 

The reforming materia' gas nhoduced ;bo the reac- 
t.on sect;on of the refonmng cfvimoer is heatec and 
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ov t-:e : r,'-r.„s\-_*z cac - r anea ao.aoent i: re heat 
excnanpe sectic" o* be comp^sticr cnamoer ben be 
reb'm^: cac 'C e^'H-?: through be neat exchange sec- 
t;p~ b be 'efbmr'g ma "me: Punne b c process, be 

anc co-nfc\.s:*: gas .n be tenme-ature a sbbution can 
oe cr ; a- r i: ,vb earn other 



in*';-; 



~ ere 1 f-a) shows a sect onai v ew o* an embod - 
men: c' a pia'v rofo-me^ of the present indention 

Figure 1(:V shews tempe r ature attribution profiles 
of mbrmino; chambe r ;h anc combustion chamber (I!) 

Foure 2 v : <v: a mctiona view o* another embod- 
iment o* be c: e r ent rventior 

Fig ...re 3 c.: he mat i :al! , chows a fuel ceU power gen- 
etat on system having the p ! at- reformer ;>f be present 
invennr n in !tn cell 

F.yjre 4(a- ••hew: a sectional view c*' a pri:r plate 
reamer 

Figjre 4(bi shows temperature distribution profiles 
of a pr.or plate reformer. 

DE,sc;-' r: r:'N or the pre- erred e^ booi- 

Now. tie preferred embodiments of the present 



i will r>? explained with reft 



> the accom- 



panying drawings 

A preferred embodiment of the present invention is 
show- :n rig t ;a) and Fig (b) A plate-shaped reforming 
chamber 2 is sandwiched with two plate-shaped com- 
bustion chambers 4 n the way that two heat transfer 
p : .ates h are a'so sandwiched between the plate reformer 
and the combustion chambers, and these three plate- 
shaped components are agam sandwiched with fuel 
mtroou :mg chambers 7 in the way that fuel distribution 
piate 6 witn a number of dispersion holes 6a are sand- 
wiched between the components and the fuel int'oduc- 
inq chamber forming a unit The plurality of said unit is 
vertically staged up Entrances and exits of the reform- 
ing chamDer 2 and the combustion chamber 4 are 
formed in each chamber so that the gas RGin tne reform- 
ing chamber 2 flows in the opposite direction to that n 
whicn the combustion gas CG in the combusted cnarr- 
be- 4 does 

In the ref; rmmg cbambe r 2. a gas permeable pac- 
tion wall 8 is provided forming two sections therem, mak- 
ing the one on the gas-entrance Side reaction section 2a 
filled with reforming catalyst, while another on the gas- 
exit side r -eat exchange secfon 2o filled wth alumina 
Palis 10 as heat t- answer component In tne combustion 
chambe* 4, a cas permeable pamtion wa'I 9 s provided 
b'mm two sectors, mak.-a be one on the aas- 



comc-jsiic's c hamper 4 wi* r - fo'C.ng f jei F to flew nom 

be fuel intioojcing manme: 7 into tne reaction section 
4a o/ *ne c ;mousb>n chamber 4 bmugh each d:soe r si:m 
ho.e •' a c-n tne to?, dispersion pote i- ;as indicates by 
K' r ov*s}. mouses emmm" combust. on bmmboot tne 
rcamon sect on 4a o f the compaction mamper 4 emb 
t'ng r e co nousted gas C 23 by way o! the heat ex mange 
secf,::n 4o 

On the othe r hand tne reforming materia! gas NG 
ir.tr cy. tuc^^Kt into th-^ react' m section 2a of the re'ormmc 
cnan-ioer 2. first absbbs the sensble heat produced bv 
the c jmpusted gas CG and transfer' ed to the reaction 
section 2a of the reforming chamber 2 through a part of 
the h eat trammer p lates 5 abacent to tne heat exchange 
s^cti-cn 4b c + the cctmbustion chamber 4, and then the 
gas is re-urrred to reformed gas RG through the refor- 
matio reacti 3n b> th.e r efo r mmg catalyst 1 'he resulting 
reformed ca r : RG :s emitted through tne heat exchange 
section 2b having a umma bails 10 as tne heat transfer 
oom:onen* afte r pe'mea'mg the part 'ion wall 8 and in 
tne heat e.mnanae seetu:n 2P the gas R0= can transfer 
;ts sens.t>ie "eat to tne reaction sector 1 4a of the com- 
bust- >n c-.amber 4. because the heat exchange section 
2b is stacked to tne reaction section 4a, achieving tne 
heat recovery At this stage the temoenitjre of tne 
r etor meC gas RG drops a* the exit of the reforming cham- 
ber, but it is not con/er'ed to the original gas because it 
nas t een completely refc med by expenencir g the max- 
inurr temperature nea r tne partition wall 8 which is tne 
e.>ot cf the reaction section 2a 

The temperature pro- lie in tne rebrmmg chambe' 2 
and *he combustion chamber 4 during ine reforming 
react on shown tn Fig 1 (b) h as been e<perimentally con- 
fi.T>:-j The curve I shows gas temperature tn the com- 
cxisti )r chamber 4 while the curve M corresponds to gas 
temcerat'j-e in the refo r ming chamber 2 .As obviously 
shown in Fig lib;, the g=is m the refo'mng chamber 2 
reaches the maximum temperature near the partition 
wall 5 between the reaction section Za arxl tne heat 
e-x:hmge 2c. and the ga r. in the comoustion chamber 4 
reacnes the maximum temperature near trie pa'titon 
wal 9 between tne reaennn sect'on ^a arid be heat 
e-x change section 4t. ma^ng the- tA'O graph-pea^ o' tne 
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•-<- .-. :.)' sect on 2a o* tne reforming :.'•-'•-•.<• 2 and be 
react -or section 4 3 c- tne compusto- 4 are a r r aogec so 
ma* trie/ shoes' ~;:t ever: a:- each otne' anc th:$ arra^ce- 

t-on 10 1 be mos* ci£jp' oc ate ore arc aso a; ; "'ws 

w,;h tne abrona cab 1C hav.ng a :a;ge nea'-bansb: tao c" 
t:.^ reduces toe amount o* oberwse 'equ 'rd e<pen?:.'e 
r ebrm;ng cata'ysf " anc combustion cata ! .s* 5 Vo'ec- 
ve r . since toere is less temperature difference between 
be not*e r arc coc-e- sides o* be p eac + cm 4:; en" 

be combustion clamper 4. the combust' :n catalyst 3 "r 
can proiong its I ret me by acn. eving ipwe: tempera*u*e 
curing operation 

Nov* tuning to F g 2 teat , :; /. s am: 'her emb ove- 
rrent o J this ores en* invention and comprises the similar 
components to those in Fig 1 A" adeaua'e njmbe 'f i. 
bei introducing tubes 1 1 each 0' which ras 1 cios*'<j f'oot 
enc anc a number of hispemion holes t la >n its wall a*e 
moeitingiy positioned inside toe react-on sect on 4.1 of 
be combust'on chamber 4 so that tne fuei r *ed intc b e 
fuel intrcxJucng tubes 1 1 can be dispersed y introduced ?i 
into the reaction secton 4a of toe combustion chamber 
4 through the individual dispersion holes 1 -a instead of 
having tne multiple-layered arrangement of the *uel in*ro- 
ducmg chamber 7 with the fuel dispersion plate 5 
between the combustion chambers 4. 3: 

in the erntxod;merrt shewn in Fig 2. toe be! supply 
tube 1 1 is equivalent to the fuel introducing chamber 7 
m Fig 1. thus a more reduced-sized desgn with less 
thickness of the whole system can be provided by insert- 
ing tne fuel introducing tube 1 1 into the reaction sectun :-s 
4a o* the combustion chamber 4 

Next, a fuel eel' power generation systt m having be 
plate reformer of the present inventon in i:s eel: wil te 
explained in F g. 3 

Fig. 3 shows a fuel cell 4C wherein m jlten cart- on- 4; 
ate fuel cell 41 has anode e ectr ode. cathode electrode 
and electro yte plate sandwbhed between the two e ec- 
bodes, ana cathode chamber 42 is brmec on tne cath- 
ode 41c side of the molten carbonate fuei cell 41 while 
anode chamoer 43 is formed cm anode 41 a side of tne 45 
fuei cell 41. The fuel cell arrangement 41 is depicted in 
an illustrative manner, but actually includes a plurality of 
fuel celis 41 stacked v~a separator plates {not shown) 
The separator plates form anode gas passages and 
cathode gas passages, and anode gas frcm tne anode 5: 
chamber 43 ard cathode gas from the cath ode chamber 
4? a r e respectively fed to the anode 41 a and the cathode 
41c through the respective passages 

Tne reformer 44 o 1 the present invent: on described 
above includes the reforming chambe- 45 the com bus- sf 
ton chamber 46, fuel introducing chamber 47 which a-e 
dose 1 / stacked one after another, and the reforming 
chambe r 45 and the combustion chambe* 45 am parti- 




t-sr. b,. 5 ; 



Too entrance c* tne a ".ode chamoer 43 and the heat 

.-efonrer 44 a r e connected wtr- each ober bv be ancce 
ga r tee-:^ 1 "e 55 Nat j r a! gas a n c steam a - e sucpned as 
tre reform ng matena' to the r eact on sect: on 45a of re 
'eb'p-vtg :hamber :f tre re-b'^e- 44 Tne 4 eed Ime 55 
br the na*:va: gas NG merges w.*n be steam feel line 
57. ard tr e refemmg matenai wh.ch includes natural 
gas and s*eam is supplied to tre reaction se-rr.on 45a of 
toe rebrm ng chamber through tne line 53. A heat 
exchange -59 is provided or the l.ne 58 anc the anode 
gas feed l.ne 55. The hea: exchange- 59 is used for the 
neat e«ch inge between the rebrmmg materia! and the 
reformed gas 

TTm- e<it of the anode chamoe- 43 is connected with 
tre fuel introducing chamoer 47 of tne reformer 44 via 
the anode exhaust gas line SO 

"Thi-i- heat exchange sect 10 " 430 of tne combustion 
chj-.rrb^r 45 of the lebrmer 44 is connected with the 
e* i",aij:.i*.s -ias li'ie 62 to which a coup of vancus heat 
exchange 63 arx^ a gas-loud separator e4 a:e con- 
nected, respective^. Water secarate-d in tne gas-liquid 
sepa.'a'or G4 isdehycrated by hoe 55 and the gases con- 
taining C0> are led oy a line 56 to tne ai r feed line 43 
wh-ch is located on the tn let side 0' tne bower 49 so that 
C0 : is fed to the cathode c-- ameer 43 w f the air. 

The s 4 eam line 5 7 exlemis m a man n e' such that the 
watef f kws through tne neat exchangers 63a and 63d of 
the above-mentioned group of heat exchangers 53. 
Accord ng'y, the water is heated to vapor or steam of a 
predetermined temperature before me r gmg w-th the nat- 
ural gas line 55 

In tne foregoing description, be ac and C0 2 from 
tre air . ne 46 and the cathode exhaust gas horn be cath- 
ode exhaust gas recirculation, be 52 are fed to the cath- 
ode chamber 42 of the be; eel arrangement 43 whereas 
tne anode gas (H 2 . CO. CO;-. and obecs). which is 
the reformed gas reformed m tr.e r ebrm.ng chamber 45 
of be reformer 44. is fed to the anode chamber 43 
t n ^ough the line 55 so bat be reacron o 4 tne anode gas 
ax' the sathode gas ta-<es p ase r tne :e! 4 : :o generate 
e-ectr icr y 
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; ;..>>•• hom f •; : cna-ce- 4; <v h 

f r-cm ••• ^ H'e r esuectve:> t.c-:: tc t~-e 

rearo - ee-cio^ of tne eorroust: jo chamoer aoc toe 
r.e: moocucino cnamoe' 4" v a the Ires 5- amu 60 an:: 

cnamoe* <i 7 f >v; f<e rear:. on cect c of t^e 

anc me a-ncce exra.v. gas mt: r eiear..:r sect c- a 

chamber 42 become ec^a to eac- other m pre.su>:. 
making ditieici-st a p'essu-e csnto be*.vee" re catr- 
^cle e : ecbode an:: tne r;ode e ecmeoe sign.bcarr 1 ) easy 

The e>m '! jst sac tot; the neat exhaust sectic n 45b 
c' tn e combustion C'viDe' 0' tne refb'mer 44 r. then 
introduced tc the neat exchangers 1 3a ana 6ob tb.'Ougn 
me exhaust a as -me 62 T>? exhaust gac :s used tc ge" - 
erate steam in tne he it ex; nagger h3a met used tc \r 
far heat *ne steam m t~e neat excb.am.er S3o 

Tne ; -c a •. ' ge^emtion allows inceesmg fuel ;;t i ; z: : - 
t on rate as we!, as achieving high refo'min-g rate 

tn aod ton. though air A is introduces 1 into the reac- 
tion section -a ol tne combustion chamber 4 with fue: F 
flowing into the react c-n section 4 a through the dispersed 
holes on tne f je: introducing chamber 7 c the fuel intro- 
ducing tube 11 m each embodiment above, fuel F m^y 
be introduced into the reaction secti xi 4a of the combus- 
ton cramt e* 4 with ai r A flowing into the reaction section 
4a through tne air introducing chamber or tube pr jvid-i-d 
for the purpose. In the embed: trient shewn in Fig 2, the 
fuel introduc ng tube 11 may nave a box -shaped crass 
section as well as a arcte-snaped cne which is ncrmal y 
used It goes without sa/mg tnat a vanta, of changes 
may be a- 1 owed witrrn tne g ; sf of the present invcntim 

As 0 esc u bed above, re plate re'ormer o + tne 
present invention includes 

the reforming cmambe' navmg the reaction sec- 
tion filled with the reforming catalyst partitioned by tne 
partition wa I from tne heat e> change section filled with 
tne alumina rta'is, and 

tne combustion chamber having the reaction sec- 
tion fti:ed witn the combustion catalrst partitioned by the 
partition wa: from tne neat exchange section filled with 
the alumina oaKs. 

Hereinabove the reforming chamber is sandwiched 
with the combustion ch ambe'S in the way that the heat 
fansfer plates are a^sc sandwiched between the reform- 
ma and tine combust on chambers, and the partition watis 
of the reforming and the comoustioo c h imoem shoo d 
be approximately lined up, causing the reaction section 
of tne rebrm.nc: chambe r and the heat ex ;hange sect on 
o* the combustion cnambe r to be attached with each 
other, ana the heal exchange section of toe reformer and 
tne reacho-i section of the combLSticr chamber to be 
attached with each otne- as well Gases flow bom the 
rc-Ar" r>" seooo^ to the n eat exchange section in both 



:x;st:0" cnanioe' V e 
oe r sed y im'coucec 



cx ar t: 



; a no to tne com- 
cnamber that dis- 

r 'efeme' cemon- 



*e' a gas introduced to 

heat y 'ra -eho'c^ec: ga^ A^icf 1 ~\ . -,-o tc the neat 
exenexje se-ot on of mc- '-bomn: cnamoe- to be trans- 
feree tc the - ease :r- sec: c - o* trie ccmousvor chamoer. 

*rjz ma^jn: the o-;;-;* cn c/ t n e graon-peaks of the 
tebrr-ed cas a:x: re co~ ousted gas m tneir tempera- 
ture a ^c"!bj*iO^ comcaem a;*o eac" other without using 
a -arce a mo urn of exocos /e catalysts, an j 

ac h ev:".o t"e f c t" a r r e-d jc^cm c* s«7e of t h e wno'e 
system wit- less tih.cknecs c> msero^g tne fuei or air 
mtr:>ouc ^g into t^e esct cr secfon c-f tne co-nbus- 
t on cnomroer 

Claims 

1 _ A pi 3 te 'e'ormer wnerem a reformmg chamber (2) is 
candw'Cheoi by co:riustion chambe'S (4) so that 
r eat transfer p'ates (5 also be sandwiched between 
t"e refonm-ng chamoer and the combustion cham- 
bers, each, of tne -e'errning and combustion cham- 
bers having gas entrance and ex t. such that gas 
f cws in the re'ormirc, chamber and in the combus- 
t on chamber are otxosiie to each other, and a gas 
permeable partition wall is provided for partitioning 
each of tne reform n : and the combustion chambers 
mto en-trance side Eecl.cn and exit-side section 
a:corcf;ng to the oa r f^c^. as well as for passing 
■gases through. 

wherem the reformin.; chamber (2) includes: 
a reformmo reaction section (2a) which is the 
en: ranee- Side section of tne reforming chamber oar- 
v*, 0 ned oy the pa tn on wai: (S5 fillod with reforming 
-.eiba'yst (1 ). 
nd 

a heat exchange section !'2o) wh'ch is the exit-Skje 

section of the pa: Honed reformer and filled with 

neat trans'er comoonent (10), 

whi'e the combust;:-- chamber (4) includes 

a combust, on res ebon sec^cn v 4a) which is the 

entrance-side seodoo c^ the combustion chamber 

-oartiticned by the paction wai: (9) and filled with 

combust or catawst '3): and 

= heat exchange ^e'Cfon {4o} whicn is the exit -side 
jf the partitioned x^mb-ustion cramoer and filled 
witn neat fansfer co-m;>onent (10) 

2. "The o'ate r c-fo r "'e' C da"n : whe r em combustion 
ar ;A; a'x: f..e- ane i-Trcot^cec: into tne reaction 
sector, (irji o J tne cc-'Tbuston crcimben 
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A. 



5. 




s -:•..?* . ' --d ' < como-st :-.r c -cr-:. em -4 c:. 

ago. - Peng ^ricwi;^-: wtnfue : -d'oo jom j cran- 
hem ■; 7 ; wir a -\j-De' c' o:spe r sion hoies (6a i 
f jrm, -g a j.'i • a plural :y ■/ which is then ^e-ticaY, 
s .n ...h-*d up to form _i p>ate ' t tS r , and h^'c 
above cam- o' the rebrm, ig and combustion cnam- 
ne - :. "a-/ nc gas entrance and exit a-ra.nc.e-c sc t f a: 
gas hews rre reforming chamber and n toe com,- 
bushou cnamoer be Dpuosde tc each otner. a~d a 
dan per mo able parttcm w al' is provided tc ' partition- 
ing each c' the reforming and *he oombusho-n cham- 
ber ntc entrance -s-de se ction and exit-side sect on m: 
accord rg to 'he gas tow a > we 1 ! as fey passing 
gases trrougr . 

wherein the reforming chamber induces 
a reforming 'eacfon section ('a) which is the 
entrance- side section of the reform ng chamber par- ?: 
titionecJ by the pamt-on wall (5) filled with reforming 
catalyst 0 ), and 

a heat exchange section (2b) whi;h is the ex;t-sde 
section cf tne partitioned reformer and filled wth alu- 
mma balls (10). ... 

a compaction react :m s~cton (-a) wh.ch is the 
entrac ce-sioe section of the corrrxjstion cnamoer 
partitions by the p:r teem wa! (i, and filled wttn 
conduction catalyst (3). aivf 4: 
a ne-a* exchange section (4p) which is the exit-siae 
cf the pkKt.t-cned ccmoustion chamber and fiheo 
v;itn a umma bails ( 1 X 

6. The plate reformer of claim 5. w her»?in the Dispersion 45 
hoies (6a) on dispersion pi.ate (5) of the hjel intro- 
ducing chamber (7) ,gre formed so that they be open 

to the -eact!or section *4a) cf tne adjacent comDus- 
ton chamber 

7. The ohre reformer cf caim 5 or 6. wherein entrance 
o* the fuel introducing chamber (7) is designed so 
teat flow direction int^efue introducing chamber be 
tne same as 'low drection -of an (A) suppled from 
entrance o* tne adjacent combe, stion chambe* to the ^ 
reacton section (4a 1 thereo' 

S. !"e plate reformer o' an/ cne o ; the foregoing 
c Minis whe-em t f ^e pad :•: - walls (S. of tne 




701 A1 t:- 

'" :: a"C tne como'usho^ cnamoe'S am 
-Ca . nneo 00 w.ne" tne cnamoers a-e ver- 

tna i, c*ac*e<J uo 

9. "ne o ! a:e r e ; ormer c l am, one 0' tne 'one-gorc 
c a:ms vme-e " !"c pa- to or v, = !: (3, 0' tne r e*c mmc 

e*r ^nge section .2D' on tne ex:: sioetnefeo* »vni e 
t"e cad v: " wa'l ' 5; c* tne combustion chamoe r 
:c cm.'dec: sc that tne gas flow oat^ 0' tne reaction 
seed on -la' o* tne ;ombostio^ cnam^er or- t^e 
■ -.n--;m:e s oe ne s^c-e- than tnat o + the heat 
'-iC"a r ige sect: on :4o' on ij-e e*it soe the r eof 

10. » :a-cona:e cower general. on 3 r stem hav- 

' : a 

a mc-en canb.— ate *uel cell where n a plurality 
o f ceH uncs a-e stacked uc v. f seoaratrs between 
eac^ ^mt and *he separator defines anode and earn- 
ed e champers [42, ^2), and 

a rehvmef na.' ng retcrmmg (45) (or 2), combustion 
•f-S'. o r 4i a-xt fue^ introducing (47) (or 7) chambers 
^'ac^ed up one aher another 
and tne molten carbonate power cenerat-on system 
characterized in that it comprises: 
a re*orme r (44) wherem the reforming (45) and the 
com: ust;c-n (4£>) chambers are partitioned into two 
sect ons a.'-d gas- entrance and gas-exit are formed 
respective / according to gas flows which are oppo- 
sde to eacr. otner n the two chambers, and the gas- 
r^t r ance-Side section of the reforming chamber (45) 
is filled wi*n reformmg catalyst (1) and tnat of the 
compLJSt'Oc charmer <46) is filled with c.ombustion 
cda ! ysi (3; to form reaction sections (45a. 46a), 
Ahi'e tnegas-exit-side sections of the reforming and 
t.^e combudion champers are filled with heat trans- 
fer component (10; tc form heat exchange sections 
(4 5b 45b) and fuel (F ; mtrexducee into a fuel intro- 
ducing cnamoe- (7) is then introduced into the reac- 
t on sector; (4 o3 ) of tne combustion chamber, 
nalena! gas supplying means (56) for suppling 
material gas tc be reformed to tne reaction section 
(45a; of tne reforming chamber, 
anode exhaust gas line (50) for connecting the 
anode chamber (43) of the fuel ceil and the fuel intro- 
ducing chamber (47) and supplying anode exhaust 
gas to the *uel :nt:ocucing chamber; 
catnode exnaust gas line (51) fo- connecting the 
cathode chamt-er (42) of the foe! cell and the reac- 
t;o- section (4f>a) of the combustion chamber and 
s^-pp-ymg cathode exhaust gas to the reaction sec- 
t.:m o J tne combustion :hamber, arxj 
anode gas feed line (55) for connecting the heat 
exchange sect on (45b) of the reforming chamber 
and t^e anode chambe r (43) of the fuel cell (41) as 
wo!' as supplying rearmed gas tc tne anode cham- 
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11. Tr.e r^c-iM-" oa'xnau- cw^ r gene'"!::*" c,o; v m o' 
c am 11' where^' re 'ebrir.: chamse' ;-5, (or .?; 
■s sandwiched b> ne ccnbjstiC- cnamoe's .-6: pr 
4 a'K: toe three coamoe r s a-e re~ sanCA-c~ec :>>■ 
re rue. !"t'COucng r.a^e's <o r ~" t^-^g a : -. 
jo;: a plural :y of wn.cr a r e stackec uc to rrm r e 
mo *e n catenate oowe' gen~'a:;o~ s/ste~ 

12. "he mc'te^ oam-cnate ocv.e- ge~e^ho>n £,?.-~m y 

11 wherer the caroce a*raoot ge: emit:-:-:: 
fmm :ne car ode ohamce. , s 'ectrcjiatec to r e 
cathode chamoe' D> a h;ov.er '49, and the- cs-t 3' 
tne can ode exhaust gas -s mr-dosec to re r ea> 
tior section (Af-a; 0' re ccmouoho^ chance- 

13. The fuel ce! ! power ge^e-ator system c' 0 aim 1 3. 
n or "2 wherem heat exchange :s ce-rrmt-d 
between the materia! gas to be reformed wh'cn is 
supplied from the matena gas supp'ying means (5.?) 
Jo tne reaction section (45a> of re reforming onam- 
ber and the reformed gas w~ c~ is socohec f r cm the 
reforming chamce r (45j to re a^ode chancer <43) 
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FIG. 3 
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FIG. 4(b) 
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